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(54) NICKEL-HYDROGEN SECONDARY BATTERY 

(57)Abstract: _ .r u 

PROBLEM TO BE SOLVED: To suppress the self discharge 
reaction, to improve the characteristics, and to improve 
charge/discharge cycle by providing a separator which contains 
a nonwoven fabric of a hydrophilic polyolefinic synthetic resin 
and has the specific surface in a specific range by BET method 

using nitrogen. , 
SOLUTION: A nonwoven fabric of polyolefinic resin fiber or 
METSUKE 30-70 g/m2 is polymerized and made hydrophilic so 
that the graft polymerization rate of hydrophilic vinyl polymer 
becomes 0.2-2.0 mag/g in ion exchange quantity. The specific 
surface by BET method is set to 0.5-5.0 m2/g so that a lot of 
electrolyte can be held while holding an automorphic 
performance, and an electrolyte film is formed on the surface 
including a clearance of a fiber. This constitution can suppress 
oxidative decomposition of the separator so as to suppress the 
self discharge caused by generation of impurities and prevent 
the gaseous hydrogen generated from hydrogen storage alloy of 
the negative electrode 4 from passing the separator 3 and 
reaching the positive electrode 2 so as to suppress the self 
discharge. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use o£ this tremslation* 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The nickel hydrogen rechargeable battery characterized by equipping the specific surface area by 
the BET adsorption method using nitrogen with the separator of 0.5-5.0m2 / g including the nonwoven 
fabric of the polyolefine system plastic fiber by which hydrophilization was carried out. 
[Claim 2] The rate of said graft copolymerization is a nickel hydrogen rechargeable battery according to 
claim 1 characterized by being 0.2 - 2.0 meq/g in the amount of ion exchanges calculated by the titrimetric 
method, including the nonwoven fabric of the polyolefine system plastic fiber by which graft 
copolymerization was carried out by the vinyl monomer in which said separator has a hydrophilic group. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the nickel hydrogen rechargeable 

battery which improved the separator. 

[0002] 

[Description of the Prior Art] In recent years, there is a remarkable thing in cordless-izing of electronic 
equipment like a cellular phone or a pocket mold notebook computer, high-performance-izing, small, and 
lightweight-ization. The requests of high-capacity-izing mount and, as for the rechargeable battery used as 
the power source of these electronic equipment, a nickel hydrogen rechargeable battery with high 
compatibility with a nickel cadmium rechargeable battery is used. 

[0003] By the way, the opportunity used under a severe condition by environmental diversification in a 
nickel hydrogen rechargeable battery follows on increasing, and improvement in the self-discharge property 
of a cell and the reinforcement of a charge-and-discharge cycle are demanded. 

[0004] A nickel hydrogen rechargeable battery has the structure which contained in the container the 
electrode group which infixed the separator between the positive electrode containing a nickel compound 
like nickel hydroxide, and the negative electrode containing a hydrogen storing metal alloy, and was 
produced with the alkali electrolytic solution. Said rechargeable battery has the compatibility of the nickel 
cadmium rechargeable battery equipped with the negative electrode which contains a cadmium compound 
instead of said hydrogen storing metal alloy, and an electrical potential difference, and it has the outstanding 
property of being high capacity, rather than said nickel cadmium rechargeable battery. 
[0005] Rather than a nickel cadmium rechargeable battery, although such a nickel hydrogen rechargeable 
battery is high capacity, it has the same configuration as said nickel cadmium rechargeable battery 
fundamentally, and a problem is in the self-discharge property when keeping it at an elevated temperature in 
the state of charge. 

[0006] the reduction reaction of NiOOH which is the charge product of the positive electrode with which the 
self-discharge at the time of elevated-temperature storage of said nickel cadmium rechargeable battery 
happens for the impurity (for example, nitrate ion, nitrite ion, ammonia) generated by the oxidative 
degradation of (1) separator, and (2) — two of the autolysis reactions of said NiOOH originate and arise. 
Among these, since the autolysis reaction of NiOOH of the above (2) is slower than the reduction reaction 
of NiOOH of the above (1), it is thought that the main factor of the self-discharge reaction at the time of 
elevated-temperature storage is the reduction reaction of NiOOH of the above (1). 

[0007] Especially, it appears notably, said impurity which oxidative degradation of the polyamide system 
plastic fiber is carried out, and it generates retums NiOOH of a positive electrode, and the oxidative 
degradation of the separator mentioned above promotes a self-discharge reaction, when the nonwoven fabric 
which consists of a polyamide fiber widely used for the nickel cadmium rechargeable battery fi*om a 
viewpoint of a hydrophilic property is used as a separator. 

[0008] Since it is such, although said polyamide fiber is excelled in oxidation resistance with said nickel 
cadmium rechargeable battery, to use the polyolefine fiber which is hydrophobicity fundamentally, carrying 
out hydrophilization processing is tried. 

[0009] On the other hand, unlike said nickel cadmium rechargeable battery, a nickel hydrogen rechargeable 
battery is using a hydrogen storing metal alloy for a negative electrode, and is attaining high capacity-ization 
compared with said nickel cadmium rechargeable battery. The hydrogen storing metal alloy of said negative 
electrode can do occlusion and emission of hydrogen gas with temperature and a pressure. Occlusion and 
emission of hydrogen gas were reversibly performed for this hydrogen gas electrochemically instead of 
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temperature andapressureusing occlusion ^d^m^^^^^^^ 

batt^ of high capacity is realized compared "jf /in said 
pressure and a hydrogen storage capacity were decided P^^^^"^^ ^^^'^^'^ 

hydrogen storing metal alloy / ^^^Vr^"'"?!^ hid^itn ^^^^^^ S a?C Si comiection with generally 
capacity change a little with presentations of l^y^^^^^.f^'^^.T of hydrogen 

temperature rising, said equilibnum pressure becornes ^JS^' ^^^I^^^^^^^^ in the hydrogen storing 
decreases. Consequently, the hydrogen gas -^^^fl'^-^^^ "^^^^^ metal alloy, 

metal alloy is emitted by reduction of the r^^f^^^o^^^^^^^ ^^singV hydrogen storing 

[0010] The phenomenon by which the nickel hydrogen ^^^^We el^^^^ could not be generated with the 
metal alloy which has the property mentioned ^^ove as a n^ fr^ a hyS^^^^^^ metal alloy by 
nickel cadmium rechargeable battery ttiat hydrogen ga is ^"^^^^^^^^ ^ hydrogen storing metal 

the amount of occlusion of hydrogen decreasing since ^^^^^^J^^^^ the generated 

alloy rises at the time of elevated-temperature s^orage^^^^^^^ of a positive 

hydrogen gas exists by hi^ -nc-^^io^^^^^ tt ter^^^^ "^^^^^^^ the self-discharge property at 

electrode occurs and self-discharge produces ' ° battery nickel - cadmium - a 

the time of elevated-temperature storage m a mckel *^y^™Sen r^^^^^^^^ clear - having become - 

rechargeable battery - self-discharge - a property -- an mprovement he t^e ^^^.^^S 

autolysis reaction ** of NiOOH.) , . . w u^u^ v.^./iroaRn aa^ inevitably generated from the 

[00 1 1 ] In order to solve such a problem a device to ^^^^f of etvatedlemperature storage 

negative electrode which contains a hydrogen stonng ^hich gave the 

were repeated. u ,>i, ;c i,T,mf.r«!pH into an oleum and concentrated sulfuric acid and 

[0012] Perform sulfonation processing which is ^.'J."^^^^^ '^^^^^ . Or by performing 

introduces a sulfone radical, or [ giving t^e A^ond^^'^^^^^^^ of hydropWUc 

fiber, and improving self-discharge is performed. discharge property and reinforcement of a 

[0013] However, it was difficult to realize improvement the hydrophilization 

chargi-and-discharge cycle in the nickel hydrogen '"^'^l?^ ca^ed out. In 

processing mentioned above and the separator by ^^^If when using a paste type 
Srder to increase the fill of an active separator is absorbed 

positive electrode and a paste tj^e ^«^^^!^°^%*f,fd^^^^ For this reason, the amount of 
by the binder contained in said ^^^^ P^f '^^^ '^^^^^^ die in^^mal res stance of a 

maintenance decreases with advance of a a charge-and-discharge 

rechargeable battery rises, and, as for the f J^^^^^^/f^^^^^^^ of slid paste type positive 

cycle life falls sharply. Moreover, if "ickel liydro'cide is used ^^anacti ^.^ .^^^ ^^^^^^ 

electrode, in order that may expand with ^^^.^^l^^^^^^^^Zl Sd !harge-and-dischLge cycle life 
mav tend to absorb the electrolytic solution m a separator, the tall oi saia cnarg 



may 

will become remarkable. 



&(S) .o be solved by tt,e .„ve„«o„l T.e P^-fV^^^^'j— p::;^^^^^ 
rechargeable battery which attained an improvement of a self-discharge prope y 
charge-and-discharge cycle. 
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separator of 0.5-5, 0in2 / g including the nonwoven fabric of the polyolefine system plastic fiber by which 
hydrophilization was carried out. 

[0016] It is desirable that it is 0.2 - 2.0 meq/g in the amount of ion exchanges asked for the rate of said graft 
copolymerization by the titrimetric method, including the nonwoven fabric of the polyolefine system plastic 
fiber by which graft copolymerization was carried out by the vinyl monomer in which said separator has a 
hydrophilic group. 
[0017] 

[Embodiment of the Invention] Hereafter, the example of the nickel hydrogen rechargeable battery 
(cylindrical shape nickel hydrogen rechargeable battery) concerning this invention is explained with 
reference to drawing 1 . As shown in drawing 1 , in the closed-end cylinder-like container 1 , the electrode 
group 5 produced by carrying out the laminating of a positive electrode 2, a separator 3, and the negative 
electrode 4, and winding in the shape of a spiral is contained. Said negative electrode 4 is arranged at the 
outermost periphery of said electrode group 5, and touches said container 1 electrically. The alkali 
electrolytic solution is held in said container 1. The circular obturation plate 7 which has a hole 6 in the 
center is arranged at up opening of said container 1 . The insulating ring-like gasket 8 is arranged between 
the periphery of said obturation plate 7, and the up opening circles side of said container 1, and is fixing said 
obturation plate 7 to said container 1 airtightly through said gasket 8 by caulking processing which reduces 
the diameter of said up opening inside. An end is connected to said positive electrode 2, and, as for the 
positive-electrode lead 9, connection and the other end are connected to the inferior surface of tongue of said 
obturation plate 7. The positive-electrode terminal 10 which makes a hat configuration is attached so that 
said hole 6 may be covered on said obturation plate 7. The relief valve 1 1 made of rubber is arranged so that 
said hole 6 may be plugged up in the space surrounded with said obturation plate 7 and said positive- 
electrode terminal 10. The circular pressure plate 12 which consists of an insulating material which has a 
hole in the center is arranged so that the height of said positive-electrode terminal 10 may be projected fi"om 
said hole of the pressure plate 12 on said positive-electrode terminal 10. The sheathing tube 13 has covered 
the periphery of said pressure plate 12, the side face of said container 1, and the pars-basilaris-ossis- 
occipitalis periphery of said container 1 . 

[0018] Next, said positive electrode 2, a negative electrode 4, a separator 3, and the electrolytic solution are 
explained. 

1) a positive electrode 2 — this positive electrode 2 contains a nickel compound, for example, nickel 
hydroxide. 

[0019] In said nickel hydroxide, it permits coprecipitating a metal like Co, Cu, Zn, aluminum, Mn, calcium, 
Mg, Fe, and Si. Electric conduction material is added to nickel compound powder like nickel hydroxide, it 
kneads with a binder and water and a paste is prepared, said positive electrode 2 fills up with this paste the 
substrate of the three-dimensional structure which consists of a metal porous body, and after drying, it is 
produced by fabricating. 

[0020] As said electrical conducting material, metal cobalt, cobalt oxide, a cobalt hydroxide, etc. can be 
mentioned, for example. As said binder, a carboxymethyl cellulose, methyl cellulose, sodium polyacrylate, 
polytetrafluoroethylene, etc. can be mentioned, for example. 

[0021] As said metal porous body, the thing of the shape of the shape of sponge, fibrous, or felt can be 
mentioned, for example. 

2) a negative electrode 4 ~ this negative electrode 4 contains hydrogen storing metal alloy powder. 

[0022] What is necessary is not to be restricted exceptionally, and to be able to carry out the occlusion of the 
hydrogen electrochemically generated in the electrolytic solution as said hydrogen storing metal alloy, and 
just to be able to emit the occlusion hydrogen easily at the time of discharge. As this hydrogen storing metal 
alloy, the thing of the thing of the multi-element system which permuted some of LaNiS, MmNi(s)5 (Mm; 
misch metal), LmNi(s)5 (misch metal which carried out Lm; lanthanum enrichment), or these nickel by 
element like aluminum, Mn, Co, Ti, Cu, Zn, Zr, Cr, and B, for example or a TiNi system, and a TiFe system 
can be mentioned. It is desirable to use what is expressed with a general formula LmNix Mny Az (however, 
as for at least a kind of metal and atomic ratio x as which A is chosen fi-om aluminum and Co, and y and z, 
the total value shows 4.8 <=x+y+z<=5.4) especially. 

[0023] Electric conduction material is added for example, to hydrogen storing metal alloy powder, it kneads 
with a binder and water and a paste is prepared, said formula negative electrode 4 fills up a conductive 
substrate with this paste, and after drying, it is produced by fabricating. 

[0024] As said binder, having used with said positive electrode 2 and the same thing can be mentioned. As 
said electric conduction material, carbon black etc. can be used, for example. 
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as a sponge-like metal substrate, can be mentioned polyolefine system resin fiber 

Sf^rAS^UtrsJen, .Sin r..>^^^^ 

polyolefine fiber which is different from said P^^y^^f "^f^Jf' construction to which 

So - 70 g/™2 i. is -; "-"f ^ieTrSl^ib^rolTeSSng^^^^^^^^ of a separator. 

?^t'^;rra.;r.hTair»^ oCrf^Li.. „o„wov^«, fabHc is 70 g,n.2. When i. 
exceeds, there is a possiWity that <=»P"^y "'J' f^;,™. method, the span bond method, the melt 

SitS-rAJ^-rsu^h-f^aSefsire^^^^^^ 

spHt plot experiment ean increase *«>ifi"'«!^'f^^^ system resin fiber, graft 

Ke^j:rorSora"*^~°5L« 
Lrd-srmo=ir.-^p>^™^^ 

When said amount of ion exchanges is made into f ^"Jf, ^^^^^ of said separator may fall, 

copolymerization rate to said nonwoven fabnc may fall, ^^1% . me "/r^^^^^ possibility that the 
On theother hand, when said amount of ion exchanges ^'^^^.^f^!,^^^^^^^^ may fall, 

operating potential at the -f^-^J^Tfor^^^^^ copoTyme^zation 
[0033] (Titrimetnc method) First, Samples '^f'l^P^f^' "''^^^ „rvlic acid) 0 5-1 g are taken to the 
of the nonwoven fabric which consists of polyolefine fib^^^th the ^^O^^^ ^^^tio fs added, and when 
100ml wide mouthed bottle made fr^™ P^^y^^hyl^^^^^^^ ^eTlfa 6olg^ee C fo^ 1 hour. It 

the sample has come floatmg, after sinlang completely, of ion exSanee water, and it agitates with a 

continues, said sample is moved to the beaker containing 200ml f '^^^^^^^^^ tater. It 

glass rod, and it washes until pH of a penetrant remover ,s set to 6-7 , c'c^^^^^^^ dries with a 100-degree C 
fains off water from a sample, extends on the bat "^^^c from stamkss^ ^^^f^.^^ 
oven for 1 hour. The weight of said sample is "I^^^J!^^^ ^^s Sld^^^^^ solution. On the 

mouthed bottle made from polyethylene^ and ).108**0^lf;^^;^^^^^^ lOOml wide mouthed bottle 

other hand, HOg-O.Olg of O^OIN-KOH solution^^^^ ^^^^^^^ ^^^^^^ 

made from polyethylene as a bl^,.«^P»VlP""^^^^^^ and are saved for 2 hours. 

into a 60.degree C thermostat, are lightly shaken for t^^f^ \ ^^^^ respectively, and it cools 

After shaking said each wide mouthed bottle l;^«y;.^;jVP*^^^^^^ after radiationnal cooling is 

£^";^r^.ri;tfr=i:re= 

with such titration. 
[0034] 
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[0035] While the separator 0.5m2 / more than g can hold a lot of [ the specific surface area by the BET 
adsorption method ] electrolytic solutions, it becomes possible to form the electrolytic-solution film in a 
fi-ont face including the clearance between fiber. On the other hand, firmness falls and the separator with 
which the specific surface area by the BET adsorption method exceeds 5.0m2 / g has a possibility that the 
tensile strength which becomes a problem may fall, on manufacture of a cell. The specific surface area by 
the BET adsorption method of a more desirable separator is 1 .0-4.0m2 / g. 

[0036] 4) As the alkali electrolytic solution of alkali ********^the mixed liquor of a sodium hydroxide 
(NaOH), the mixed liquor of a lithium hydroxide (LiOH) and a potassium hydroxide (KOH), and LiOH, the 
mixed liquor of KOH, LiOH, and NaOH, etc. can be used, for example. 

[0037] As explained above, the nickel hydrogen rechargeable battery conceming this invention contains the 
nonwoven fabric of the polyolefine system resin fiber by which hydrophilization was carried out, and it has 
the structure equipped with the separator whose specific surface area by the BET adsorption method using 
nitrogen is 0.5-5.0m2 / g. 

[0038] Since it has a predetermined specific surface area specified with a BET adsorption method according 
to the separator of such a configuration, including the nonwoven fabric of polyolefine system resin fiber 
with which hydrophilization processing was performed, while being able to hold a lot of electrolytic 
solutions, it becomes possible to form the electrolytic-solution film in a fi-ont face including the clearance 
between fiber. Since said electrolytic-solution film can prevent that the hydrogen gas generated fi-om the 
hydrogen storing metal alloy of said negative electrode at the time of elevated-temperature storage of a 
nickel hydrogen rechargeable battery penetrates said separator, and reaches a positive electrode, it can 
control the self-discharge by reduction of said positive electrode. 

[0039] Moreover, since a lot of electrolytic solutions are held, even if a positive electrode expands and said 
separator absorbs the electrolytic solution on the occasion of a charge-and-discharge cycle, it can maintain 
sufficient amount of electrolytic solutions. Consequently, the rise of the internal resistance accompanying 
advance of a charge-and-discharge cycle can be controlled. Therefore, this invention can offer the nickel 
hydrogen rechargeable battery which attained control of the self-discharge at the time of elevated- 
temperature storage, and improvement in a charge-and-discharge cycle life. 
[0040] 

[Example] Hereafter, it explains to a detail with reference to drawing 1 which mentioned the example of this 
invention above. 
(Example 1) 

The misch metal Lm in which <production of paste type negative electrode> marketing carried out 
lanthanum enrichment, and nickel, Co, Mn and aluminum are used, and it is LmNi4.0 CoO.4 MnO.3 
aluminumO.3 by the high-fi-equency fiimace. The hydrogen storing metal alloy which consists of a 
presentation was produced. Machine grinding of said hydrogen storing metal alloy was carried out, and the 
screen of 200 meshes was passed for this. The paste was prepared by mixing the carbon powder 1 .0 weight 
section with the water 50 weight section to the obtained alloy powder 100 weight section as the sodium 
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polyacrylate 0.5 weight section, the carboxymethyl-cellulose (CMC) 0.125 weight section, the dispersion 
(specific gravity 1.5, solid content 60wt%) 2.5 weight section of polytetrafluoroethylene, and electric 
conduction material. After applying this paste to punched metal and drying, the paste type negative 
electrode was produced by carrying out pressurization molding. 

[0041] To the mixed fine particles which consist of the <production of paste type positive electrodo nickel 
hydroxide powder 90 weight section, and the cobalt oxide powder 10 weight section, 0.5 weight section 
addition of the suspension (specific gravity 1 .5, 60 % of the weight of solid content) of the carboxymethyl- 
cellulose 0.3 weight section and polj^etrafluoroethylene was carried out by solid content conversion to said 
nickel hydroxide powder, and the paste was prepared by carrying out 45 weight sections addition and 
kneading pure water at these. After continuing and being filled up with this paste in the nickel-plating fiber 
substrate, said paste was fiirther applied to both that fi*ont face, it dried and tfie paste type positive electrode 
was produced by rolling out by performing a roller press. 

[0042] 4 micrometers of diameters of fiber and the amount of superintendent officers in which <production 
of separator> polypropylene resin and a polyethylene fiber adjoined mutually, and were arranged — 25 g/m2 
it is ~ fi-om division fiber, and polypropylene resin and a polyethylene fiber ~ becoming — 10 micrometers 
of diameters of fiber, and the amount of superintendent officers — 25 g/m2 it is - the nonwoven fabric with 
a thickness of 0.18mm was produced with a bicomponent fiber and dry process. After continuing and 
inmiersing said nonwoven fabric in an acrylic-acid water solution, ultraviolet rays were irradiated and the 
graft copolymerization of the acrylic-acid monomer was carried out. After washing this nonwoven fabric 
and removing an unreacted acrylic acid, the specific surface area of the BET adsorption method by nitrogen 
produced the separator of 2.6m2 / g by drying. The acrylic-acid monomer of the obtained separator was 
measured with the titrimetric method which mentioned the graft copolymerization rate above. Consequently, 
the amoxmt of ion exchanges of a potassium was 0.8 meq/g. 

[0043] Subsequently, said separator was infixed between said negative electrodes and said positive 
electrodes, it wound spirally, and the electrode group was produced. The cylindrical shape nickel hydrogen 
rechargeable battery of AA size which has the structure shown in drawing 1 which contained and mentioned 
above the electrolytic solution which consists of such an electrode group, 7 Ns KOH, and 1-N LiOH in the 
closed-end cylindrical cup was assembled. 

[0044] (Example 2) The cylindrical shape nickel hydrogen rechargeable battery of AA size which has the 
structure shown in the same drawing 1 as an example 1 was assembled except having used the separator 
explained below. 

[0045] First, 1 1 micrometers of diameters of fiber and the amount of superintendent officers are 55 g/m2. 
The nonwoven fabric with a thickness of 0. 1 Snmi was produced for polypropylene resin fiber with dry 
process. After continuing and immersing said nonwoven fabric in an acrylic-acid water solution, ultraviolet 
rays were irradiated and the graft copolymerization of the acrylic-acid monomer was carried out. After 
washing this nonwoven fabric and removing an unreacted acrylic acid, the specific surface area of the BET 
adsorption method by nitrogen produced the separator of 1 .7m2 / g by drying. As a result of measuring the 
acrylic-acid monomer of the obtained separator with the titrimetric method which mentioned the graft 
copolymerization rate above, the amount of ion exchanges of a potassium was 0,8 meq/g. 
[0046] (Example 3) The cylindrical shape nickel hydrogen rechargeable battery of AA size which has the 
structure shown in the same drawing 1 as an example 1 was assembled except having used the separator 
explained below. 

[0047] First, 20 micrometers of diameters of fiber and the amount of superintendent officers are 55 g/m2, 
respectively. The nonwoven fabric with a thickness of 0.18mm was produced for polypropylene resin fiber 
and polyethylene resin fiber with dry process. After continuing and inunersing said nonwoven fabric in an 
acrylic-acid water solution, ultraviolet rays were irradiated and the graft copoljmierization of the acrylic-acid 
monomer was carried out. After washing this nonwoven fabric and removing an unreacted acrylic acid, the 
specific surface area of the BET adsorption method by nitrogen produced the separator of 1 .4m2 / g by 
drying. As a result of measuring the acrylic-acid monomer of the obtained separator with the titrimetric 
method which mentioned the graft copolymerization rate above, the amount of ion exchanges of a potassium 
was 0.8 meq/g. 

[0048] (Example 4) The cylindrical shape nickel hydrogen rechargeable battery of AA size which has the 
structure shown in the same drawing 1 as an example 1 was assembled except having used the separator 
explained below. 

[0049] First, 2 micrometers of diameters of fiber and the amount of superintendent officers are 50 g/m2. The 
nonwoven fabric with a thickness of 0.18nun was produced for polypropylene resin fiber with dry process. 
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After continuing and immersing said nonwoven fabric in an acrylic-acid water solution, ultraviolet rays 
were irradiated and the graft copolymerization of the acrylic-acid monomer was carried out. After washing 
this nonwoven fabric and removing an unreacted acrylic acid, the specific surface area of the BET 
adsorption method by nitrogen produced the separator of 3.5m2 / g by drying. As a result of measuring the 
acrylic-acid monomer of the obtained separator with the titrimetric method which mentioned the graft 
copolymerization rate above, the amount of ion exchanges of a potassium was 0.8 meq/g. 
[0050] (Example 1 of a comparison) The cylindrical shape nickel hydrogen rechargeable battery of AA size 
which has the structure shown in the same drawing 1 as an example 1 was assembled except having used the 
separator explained below. 

[0051] First, 25 micrometers of diameters of fiber and the amount of superintendent officers are 60 g/m2. 
The nonwoven fabric with a thickness of 0.18mm was produced for polypropylene resin fiber with dry 
process. After continuing and immersing said nonwoven fabric in an acrylic-acid water solution, ultraviolet 
rays were irradiated and the graft copolymerization of the acrylic-acid monomer was carried out. After 
washing this nonwoven fabric and removing an unreacted acrylic acid, the specific surface area of the BET 
adsorption method by nitrogen produced the separator of 0.4m2 / g by drying. As a result of measuring the 
acrylic-acid monomer of the obtained separator with the titrimetric method which mentioned the graft 
copolymerization rate above, the amount of ion exchanges of a potassium was 0.8 meq/g. 
[0052] (Example 2 of a comparison) The cylindrical shape nickel hydrogen rechargeable battery of AA size 
which has the structure shown in the same drawing 1 as an example 1 was assembled except having used the 
separator explained below. 

[0053] First, the diameter of fiber is 20 micrometers and the amount of superintendent officers is 60 g/m2, 
respectively. The nonwoven fabric with a thickness of 0.18mm was produced for polypropylene resin fiber 
and polyethylene resin fiber with dry process. It continued and the specific surface area of the BET 
adsorption method by nitrogen produced the separator of 1.2m2 / g by processing said nonwoven fabric with 
a surfactant. 

[0054] About the rechargeable battery of the acquired examples 1-4 and the examples 1 and 2 of a 
comparison, after charging 150% by ICmA, the charge-and-discharge cycle which discharges until cell 
voltage amounts to l.OV in ICmA was repeated 3 times. Then, after keeping it for 14 days to a 45-degree C 
thermostat in the condition of having charged 150% by ICmA, it discharged until cell voltage amounted to 
l.OV in ICmA, and discharge capacity (remaining capacity) was measured. It is discharge capacity when it 
charges 150% by ICmA before keeping it for 14 days with a 45-degree C thermostat and cell voltage 
discharges to l.OV by ICmA CO It is remaining capacity CR about the discharge capacity after carrying out 
and keeping it for 14 days with a 45-degree C thermostat. When it carried out, the capacity survival rate was 
searched for fi-om the following formula. 

[0055] The relation between the storage days in the each second cell and the capacity survival rate searched 
for fi-om said formula is shown in capacity survival rate (%) =(CR / CO) xlOO drawing 2 . It turns out that 
the self-discharge property of the rechargeable battery of the examples 1-4 equipped with the separator 
which consists of a nonwoven fabric of polyolefin resin fiber with which hydrophilization processing whose 
specific surface area of the BET adsorption method by nitrogen is 0.5 to 5.0m2 / g was performed at the 
time of elevated-temperature storage improves compared with the rechargeable battery of the examples 1 
and 2 of a comparison so that clearly from drawing 2 . 

[0056] Moreover, about the rechargeable battery of the acquired examples 1-4 and the examples 1 and 2 of a 
comparison, after charging 150% by ICmA, the charge-and-discharge cycle which discharges until cell 
voltage amounts to l.OV in ICmA was repeated, and it asked for the discharge capacity factor to the number 
ratio of cycles. The result is shown in drawing 3 . In addition, the discharge capacity factor of the axis of 
ordinate of drawing 3 sets discharge capacity of 1 cycle eye to 100, and the discharge capacity in the cycle 
after it of the rechargeable battery of examples 1-4 and the examples 1 and 2 of a comparison is shown. The 
number ratio of cycles of the axis of abscissa of drawing 3 sets to 100 the number of cycles to which the 
discharge capacity of the rechargeable battery of an example 1 reached 80% of the discharge capacity of 1 
cycle eye, and shows the number of cycles of examples 1-4 and the examples 1 and 2 of a comparison. 
[0057] Compared with the rechargeable battery of the examples 1 and 2 of a comparison, a******** 
understands a charge-and-discharge cycle life for the rechargeable battery of the examples 1-4 of this 
invention so that clearly from drawing 3 . In addition, although acrylic-acid graft polymerization processing 
performed hydrophilization processing in the examples 1-4, even if it performed the fluoridization and 
sulfonation processing, it was checked that the same effectiveness as examples 1-4 is acquired. In said 
examples 1-4, although the cylindrical nickel hydrogen rechargeable battery was explained, it is applicable 
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also like a square shape nickel hydrogen rechargeable battery. 
[0058] 

[Effect of the Invention] As explained in full detail above, according to this invention, the self-discharge 
property at the time of elevated-temperature storage is improved, and the nickel hydrogen rechargeable 
battery which attained the reinforcement of a charge-and-discharge cycle further can be offered. 
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